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Only one seed is carried inside the indehiscent fruit of 
Colophospermum mopane, Both the seed and fruit con-
stitute the dispersal unit and the seed germinates while 
still inside the fruit, The mature seed of C, mopane has 
a thin seed coat that shows little differentiation, similar 
to the seed coats of typical Leguminous overgrown 
seeds. The malpighian cells that usually form a mechan-
icallayer of protection are absent and this may be attrib-
uted to the seed being enclosed in an indehiscent fruit 
where the peri carp forms the protective layer. The thin , 
undifferentiated seed coat may also be an adaptation to 
low rainfall as it allows for the rapid uptake of water 
where rainfall occurs in small quantities or is of short 
duration. The seed originates from a bitegmic ovule. 
The inner layer of the inner integument persists 
throughout most of seed development and differenti-
ates into an endothelium. The remainder of the inner 
integument degenerates completely at the time of fertil -
isation but the entire outer integument perSists and dif-
ferentiates into the seed coat. The integumentary cells 
display high mitotic activity in both the anticlinal and 
periclinal planes throughout seed ontogeny another 
feature reminiscent of overgrown or neotenous seeds. 
Up to the Smm stage of the young seed, the older cell 
layers towards the outside of the integument are oblit-
erated and resorbed as they are continually being 
replaced by new cell layers that originate from the inner 
layers. After the Smm stage, the cells of the subepider-
mal layer begin to divide periclinally and anticlinally to 
keep pace with the inner layers, The senescent cells of 
the middle layer are then obliterated between the divid-
ing cells of the inner integumentary layers and the 
subepidermal layers. The number of cell layers remains 
more or less constant throughout seed ontogeny 
because the obliteration of the older layers prevents the 
Introduction 
Colophospermum mopane (Ki rk ex Benth.) Kirk ex J. 
Leonard is a leguminous tree or many-stemmed shrub 
seed coat from becoming thick and multiplicative, The 
antic linal divisions bring about the lateral extension of 
the seed coat to give rise to an aril that circumvents the 
seed. Another feature reminiscent of overgrown seeds 
is the convoluted appearance of the cotyledons which 
suggests that extensive seed growth is limited by the 
size of the fruit locule. As a consequence of the convo-
luted cotyledons the seeds may be regarded as rumi-
nate. Rumination is, however, not only an outcome of 
seed growth inside the limited space of the fruit locule 
but also of uneven anticlinal divisions in the endotheli-
um during early stages of embryogenesis. The entire 
vascular supply of the seed is limited to the aril and no 
secondary ramifications of vascular traces occur in the 
remainder of the seed coat. Due to extensive anticlinal 
divisions of the seed coat the primary vascular bundle 
is stretched in a lateral plane, causing the xylem strands 
to separate from the surrounding parenchyma cells, as 
well as from one another. This causes an air canal to 
develop in the primary vascular bundle that originates 
from the funiculus, The lateral extension of the arit also 
causes the position of cambial-like meristematic areas 
that initially surround the primary vascular bundle to 
shift so that the area occupied by these cells becomes 
V-shaped or U-shaped, The cambial -like meristematic 
areas give rise to secondary vascular bundles. The 
micropyle is small and occluded with a dark staining 
substance that makes it impermeable to water. The 
integuments as well as the mature seed coat contain 
high concentrations of tanniniferous substances. The 
large seed size of the xerophytic C. mopane may be 
explained by its common origin from the ancestors of 
Guibourtia and Copaifera that occurred in high rainfall 
zones. 
belonging to the subfamily Caesalpinioideae. C. mopane is 
the only representalive of the genus Colophospermum and 
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is commonly known as mopane. Its distribution is confined to 
southern Africa as well as certain regions of central Africa 
where the species often forms extensive stands (Mapaure 
1994). C. mopane has considerable socia-economic value. 
It is extensively used as firewood and building material by 
rural people whi le the leaves, shoots and bark provide good 
quality browse for livestock and game (Timberlake 1995). It 
also has various medicinal uses (Timberlake 1995). 
Unlike a large percentage of leguminous species, the 
seeds of c. mopane are highly permeable to water and the 
seeds germinate easily and profusely. However, seedling 
mortality is high due to overcrowding and competition 
(Mushove 1993). In addition to having high germination 
rates, the seeds are able to germinate at a variety of tem-
peratures and at low water potentials (Choinsky and Tuohy 
1991). One of the reasons lor an anatomical study of C. 
mopane seeds was to support physiological germination 
studies that are currently under way. 
As it is difficult to understand the structu re 01 the seed 
without knowledge of the ovule (Corner 1976), the early 
stages of ovule ontogeny were investigated by scanning 
electron microscopy. A light microscopic investigation of 
early ovule development was also included, but with the 
emphasis on the development of the integuments that give 
rise to the mature seed coat. Bouman (1971) stated the futil-
ity of obtaining data of the mature seed coat or testa without 
it being supported by developmental studies. In addition, it is 
offen difficult to interpret the ovule morphologically without 
knowledge of the characteristics of the integuments 
(Boesewinkel and Bouman 1967). 
From a functional viewpoint the structure and develop-
ment of the integuments are important with regard to 
aspects such as guidance of pollen tubes, protection and 
germination (Bouman 1971). The seed coat is also involved 
in various metabolic processes and structural changes dur-
ing seed development (Van Staden et al. 1989). During seed 
development the seed coat, together with the embryo, form 
a sink and may even compete lor resources (Hedley and 
Ambrose 1980). In addition, nothing is known about the vas-
cular supply of the seeds 01 C. mopane. The vascular sup-
ply may significantly influence the importation of photosyn-
thates , especial ly in large-seeded species like C. mopane 
where a high rate of nutrient supply must be maintained 
throughout seed development. 
Another reason for this study was to describe and explain 
the anatomical structure of C. mopane seed from a func-
tional viewpoint, thus adding information to the description of 
the genus Colophospermum. Apart from a brief description 
by Leonard (1948, 1999) very little is known about the 
anatomical structure of this seed. Jordaan and Wessels 
(1999) investigated some aspects 01 the structural changes 
that accompany imbibition but so far no detailed anatomical 
studies of C. mopane seed or its ontogeny exist. Excluding 
the report of Kruger et al. (1999) who investigated the Iloral 
development of C. mopane; there is scant information 
regarding the morphological features of other reproductive 
structures as well. 
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Materials and Methods 
Fertilised ovules and seeds at various stages of develop-
ment were collected from plants at the Messina 
Experimental Farm, ca. 20km west of Messina, South Africa, 
between 22°12' and 22°17'S and 29°50' and 29°57'E in the 
Northern Province. The ovules and seeds that were kept 
enclosed in fruits until they were dissected, were fixed in 4% 
(wlv) aqueous para formaldehyde. For light microscopy, the 
ovules and seeds were dissected from the fru its, cut into 
small pieces and washed in three changes of distilled water. 
The material was dehydrated in an ethanol series and 
embedded in glycol methacrylate (O'Brien and McCully 
1981). Longitudinal, median and cross sections With a thick-
ness of 3~m were cut on a Leica PM 2055 Rotary Microtome 
and slained with hematoxylin and safran in (O'Brien and 
McCully 1981). Because of Ihe large seed size, separate 
sections of the chalazal, central and micropylar regions of 
the seed were made. Sections were stained with Cresyl Fast 
Violet to test lor the presence of cellulose and lignin (Kealing 
1996), Sudan Black B to test for lipids and cutin (Jensen 
1962) and Alcian Blue 8GX 10 test for mucilage (Quinlarell i 
et al. 1964). Developmental stages were described accord-
ing to Ihe length of Ihe seed. 
For SEM studies, different stages of ovule development 
were dissected from fruits that were previously fixed in 4% 
(wlv) aqueous paraformaldehyde. The intact ovules were 
dehydrated in an ethanol series, critically point dried and 
sputter coated with gold. The material was investigaled with 
a Hitachi S450 Scanning Electron Microscope at 5kV. 
Results 
Scanning electron microscopy 
Different populations of C. mopane often show large varia-
tion in seed size, weight, form and colour. The seed devel-
ops from an ana-campylotropous (Johri et al. 1992), ovule 
(Figure 1). Although two ovules were occasionally seen 
inside an ovary, only one develops into a mature seed. At the 
time of fertilisation numerous pollen tubes were observed in 
the vicinity of the ovule (Figure 1). The raphe is visible as a 
prominent ridge in a surface view of the ovule and is shorter 
than the antiraphe (Figure 1). Intercalary eXlension of the 
raphe results in slight rotation of the ovule so that it acquires 
Ihe orientation of an anatropous ovule (Figure 2). A slructure 
reminiscent of an obtUrator was observed in some seeds in 
the vicinity of the micropyle (Figure 3). The same tissue type 
was observed by light microscopy along the placenta of the 
pericarp and is reminiscent of glandular tissue that appar-
enlly suslains Ihe growth of pollen tubes. During the fertili-
sation stage, the micropyle is closely appressed to this glan-
dular tissue to allow for its penetration by a pollen tube 
(Figure 1). Further intercalary growth of the entire ovule 
results in an increase in length. The epidermal cells are 
stretched perpendicularly to the longitudinal axis of the seed 
(Figure 1). The raphe becomes even more sharply delineat-
ed while a crescent-shaped protuberance, similar to that of 
the raphe develops along the anti raphe (Figure 2). Both the 
raphal and antiraphal regions are concave in the micropylar 
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Figures 1- 5: SEM micrographs 01 ovules and seed In surface view. 
1. Young ovule and pollen lubes al the lime of fertil isation. 2. 
Longitudinal growth of very young seed after fertil isation (ch, cha~ 
1aza). 3. Glandular, obturator-like structure a\ micropyle. 4. Lateral 
expansion of young seed . 5. Surface of mature seed (aT = a ril) . 
Scale bars. rand 3 = 501Jm; 2. 4 and 5 = 500fJm 
South African Journal of Botany 2001. 67 2 14- 229 
area. The fusion and growth of the fun iculus at the raphal 
side mask the concave side of the ovule by forming an out-
growth similar to a basal body. At the anti raphe the concav-
ity is masked by the crescent-shaped outgrowth of the outer 
integument. When the ovule is about 2mm in length it starts 
to expand laterally (Figure 4). 
The ridge formed by the adnation of the fun iculus to the 
integuments is more prominent than the ridge along the anti-
raphe. Both the raphe and anti raphe continue to enlarge to 
accommodate the development of the arit. The chala2a is 
visible as a slight protuberance opposite the micropyle 
(Figure 4). The final shape of the seed does not correspond 
to the type of ovule that it originates from. Rotation of the 
ovule, as well as equal growth of the raphe and anti raphe, 
takes place so that the lateral length (Figure 4) of the ovule 
eventually surpasses the longitudinal length. The central 
region of the ovule becomes slighlly undulated and this rep-
resents the start of the ruminate condition of the mature 
seed. At the same time slight protuberances, representing 
the future resin glands, develop in this region (Figure 4). 
To attain maturity, the ovule increases enormously in size. 
At the time of fertilisation the ovule is about 0.5mm long 
whi le the mature seed reaches a length of about 25-28mm. 
After fertilisation , there are prol ific cell divisions in various 
regions of the integument to accommodate the huge size 
increase. 
The surface of the mature seed is highly undulated and 
covered with numerous, large resin glands. Glands are 
smaller, but more numerous in the hilar area (Figure 5). No 
stomata were observed. The seed fills the fruit locule com-
ptetely and mimics its shape. The aril is forced to grow into 
the remaining space of the fruit locule at the dorsal suture of 
the fruil. Yellow, lipophilic substances form a thin layer on the 
seed surface. 
Light microscopy 
Ovule and very young seed 1-2mm long 
After fertilisation the degenerated synergids are vis ible as 
dark staining, pycnotic cell remnants near the 2ygote (Figure 
6). The endosperm nucleus divides before development of 
the zygote resumes. The fertilised egg cell seems to under-
go a resting phase, apparenlly untit sufficient enlargement of 
the ovary has occurred to accommodate the developing 
seed. Zygotes in very young seeds that were of the same 
size but enclosed in fru its ranging in length from 4mm to 
25mm, were often seen to be at the same developmental 
stage. 
The opening left by the integuments at the micropylar end 
of the embryo sac is relatively large and the region of the 
embryo sac containing the synergids extends through the 
micropyle to form a beak-like protuberance (Figure 7). The 
remains of the inner integument are obliterated between the 
enlarging embryo sac and the new cell layers that were pro-
duced by periclinal divisions of the inner layer of the outer 
integument. The derivatives of the periclinal divisions are 
arranged in radial rows and are tangentially elongated 
(Figure 7). 
The inner integument is initially not obliterated in the 
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region of the micropyle (Figure 6) so that both the inner and 
outerinteguments contribute towards the formation of the 
micropyle. The inner cell layer of the inner integument per-
sists and develops into an endothelium that is in direct con-
tact with the embryo sac. As most of the inner integument 
degenerates, it is mainly the outer integument that develops 
into the seed coat, and wi ll only be referred to as the integu-
ment. The inner cell layers of the integument divide pericli-
nally at the micropylar region. Before the zygote resumes 
development, the central cell undergoes cytokinesis so that 
two endosperm chambers, one at the micropylar side and 
one at the chalazal side are established (Figure 6). 
The endosperm nuclei in the micropylar chamber, togeth-
er with a thin layer of granutar cytoplasm occur all along the 
circumference of the embryo sac (Figure 7) . The embryo sac 
wall is relatively thick at the micropyiar side but thin at the 
chalazal side . Remnants of the pollen tube (Figure 7) as well 
as of the funicular inner integument are visible near the 
micropyle. The micropylar endosperm chamber remains 
nuclear for a considerable time after the onset of embryoge-
nesis, but the chalazal endosperm chamber soon becomes 
cellular (Figure 8). 
The cellular endosperm at the chalaza consists of central-
ly situated endosperm cells that are large, highly vacuolated 
and they have thin, irregular cell walls (Figure 8). Some of 
these cells are greally enlarged and haustorial. They are 
connected to the vascular bundle via elongated, tubular 
cells. The peripheral endosperm cells next to the endotheli-
um are radially elongated and they have large vacuoles on 
either side of large, centrally situated nuclei (Figure 8). 
The vascular bundle forms a loop around the embryo sac 
and conducting elements are well differentiated in the raphal 
region. As is evident from the large number of cambial and 
procambial elements, differentiation of new vascular ele-
ments is a continuous process throughout seed ontogeny. 
The very young seed appears pyriform in paradermal sec-
tions and the embryo sac is curved at the micropylar tip 
(Figure 7). 
The future aril is visible as a slight bulge along the cir-
cumference of the very young seed. In the region of the anti-
raphe, the conducting elements of the vascular bundle have 
not yet differentiated and still consist mostly of a provascu-
lar strand. Later on, the primary vascular bundle becomes 
collateral as the phloem differentiates on one side of the 
xylem towards the embryo sac (Figure 9). The initiation of 
the phloem precedes that of the xylem. Except for a few 
vessels, the vascular bundle appears to be still procambial 
in the region of the xylem. The protoxylem elements have 
dense cytoplasm, large nuclei and appear isodiametric in 
cross section. The phloem is already well differentiated and 
sieve tubes and companion cells can be distinguished. No 
vascular cambium is visible at th is stage. Large parenchyma 
cells that are filled with tanniniferous compounds surround 
the primary vascular bundle (Figure 9). 
In the region of the chalaza, the middle cell layers of the 
outer integument are large and brick-like. They are vacuo-
lated and have large nuclei. Some middle layer cells contain 
tanniniferous compounds (Figure 10). In the chalazal region 
the endothelial cells are radially elongated, thin-walled, and 
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Figures 6-10: Light micrographs of very young seeds 1-2mm long. 6. Longisection of very young seed after fertilisation (ii , inner integument; 
01, outer integument; z, zygote) , x200. 7. Median longisection of micropylar region of ovule. Long arrow indicates ex tension of synergids into 
micropyle to form beak-like protuberance. Short, thick arrow indicates derivatives of periclinal divIsions arranged in radial rows (pe, pro-
embryo: pt, pollen tube) , x400. 8. Median longisection showing chalaza] region of embryo sac with endosperm haustoria, x200. 9. 
Longisection of very young seed through developing arit and vascular bundle, x400. 10. Longiseclion of very young seed through central 
region of integument (end, endothelium), x400 
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vacuoles. The endothelial celis at the micropylar area are 
considerably smaller. They are rectangular or slightly elon-
gated in a radial direction and are fil led with tanniniferous 
substances. The rate of cell division and enlargement in the 
chalazal endothelial cells always precedes that of the 
micropylar region. The epidermal cells at the micropylar and 
chalazal regions are small, radially elongated and they 
undergo anticlinal divisions to keep pace with the enlarging 
seed. 
Very young seed 2,Smm long 
The endothelial layer appears to be similar to the previous 
stage and its cel ls continue to divide anticlinally. Two to three 
cell layers next to the endothelium that represent the inner 
layers of the integument, become meristematic and give rise 
to a meristematic zone of isodiametric cells that divide in dif· 
ferent planes (Figure 11). Towards the central region of the 
embryo sac anticlinal and pedclinal divisions occur at about 
the same frequency in the inner layers of the integument. 
With enlargement of the newly-Iormed daughter cells, the 
older tanniniferous cells towards the outside of the integu· 
ment are squashed and eventually obliterated or resorbed. 
Throughout the laleral and longitudinal expansion of the 
seed new cell layers (Figure 11) are continually replacing the 
older layers. 
The oull ine of the endothelium as well as the outer epi-
dermis becomes wavy. This marks the beginning of the rumi-
nale condition as the cotyledons will develop along the 
uneven oullines of the embryo sac (Figure 11). 
Very young seed 3.Smm long 
Chalaza I haustoria feature prominently during this stage of 
development. In very young seeds the haustoria extend 
from the endosperm into the surrounding integumentary tis-
sue that is about to differentiate into the ari! . The haustoria 
now consist of elongated tubular cells with prominent nuclei 
thai are connected to the endosperm (Figure 12). Between 
the extensions of the haustorium, dark·staining substances 
can be seen (Figure 12). The tubular, elongated haustorial 
cells appear to be closely connected to the vascular tissue. 
Prominent mitotic activity in different planes continues in 
Ihe chalazal and central region of the integument in the 3 to 
4 inner cell layers of the integument (Figure 13). There is a 
sharp demarcation between this meristematic zone and the 
senescent tanniniferous outside layers of the integument. 
The inner layers of the inlegument appear radially elongat-
ed or isodiametric with prominent nuclei (Figure 13). The 
endothelium is delineated from the outer integument by a 
dark-staining, prominent cuticle. The endothelial cells have 
dense cytoplasm and are dark staining (Figure 13). 
New cell layers are produced that become radially elon-
gated as they divide mostly in anticlinal planes. Two to three 
cell layers beneath the epidermis have round to irregular 
shapes (Figure 13). They are filled with tanniniferous sub-
stances but though they show signs of degeneration, their 
nuclei are still discernable. Towards the micropylar side the 
radial elongation of the inner layer of the integument is more 
pronounced and the cells divide mostly anticlinal ly. Pericl inal 
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divisions predominate towards the micropylar tip. The 
endosperm at the micropylar end is still nuclear whi le it is 
cel lular at the chalazal end. 
Young seed 4mm long 
Anticlinal divisions that occur along the micropylar-chalazal 
axis allow for an increase in length of the seed as the integu-
ments grow in a longitudinal plane, while cell divisions along 
the anterior-posterior plane allow for the expansion of the 
integument along the circumference of the seed. Cross sec-
tions of the ovule reveal that the latter is accomplished by a 
high rate of anticlinal mitotic activity in the inner layer of the 
integument (Figure 14). The endothelial and epidermal cells 
also divide anticl inally to increase the circumference of the 
seed. 
In a cross section of the developing seed, the inner cell 
layer of the integument is uniformly elongated in a radial 
direction and the cells have dense cytoplasm with large 
nuclei that almost fil l the entire cell lumen (Figure 14) . They 
are readily distinguished from Ihe subtending layers Ihat 
consist of cells that are isodiametric or tangentially elongat· 
ed and filled with tanniniferous substances (Figure 14). The 
outer epidermal layer of the outer integument also consists 
01 radial ly elongated cells that undergo anticlinal divisions to 
keep pace with seed expansion (Figure 14). 
Young seed Smm long 
The multi·layered meristematic zone of the inner layers of 
the integument becomes more sharply delineated from the 
outer senescent layers in the region of the chalaza (Figure 
15). This zone that can be considered as the initiation cen-
tre of new cells consists of isodiametric cells that divide in 
different planes. The divisions add new cells as the growing 
integument expands longitudinally and laterally. They also 
add new cell layers to the aril and playa significant part in 
the growlh of the aril. 
An air canal starts to develop in the central regions of the 
xylem (Figure 15). This is as a result of vessels that are 
stretched and torn due to the continuous and Significant 
enlargement of Ihe seed and the continuous lateral expan-
sion of the aril. Pronounced meristematic activity is also 
seen in the cell layers that surround the primary vascular 
bundle (Figure 15). 
At this stage the micropylar reg ion becomes filled with cel-
lular endosperm consisting 01 large, highly vacuolated cells. 
The cells of the inner integumentary layer appear pal isade-
like but only at the micropylar reg ion. The endothelial cells 
are cuboidal or tangentially stretched They are dark slaining 
and vacuolated. 
As the seed increases in size, the older senescent layers 
become tangentially elongated before they are stretched 
and obliterated between the epidermis and newly formed 
inner layers . However, from this stage the sub-epidermal 
layers that have henceforth shown no mitotic activi ty start to 
divide periclinally and anticlinally (Figure 16). Antic linal divi-
sions in the sub-epidermal layer are necessary to keep pace 
with anticlinal divisions in the inner layers of the integument. 
As the integuments continue to grow, the middle layers will 
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Figures 11-16: Light micrographs of very young and young seeds 2.5-5mm long. 11 . Longlsection through central region of very young 
2.5mm seed, x200. 12. Median longisection through very young 3.5mm seed \0 show chalazar haustoria, x40D. 13. Very young 3.5mm seed, 
longisection through central region of integument, x400. 14. Young 4mm seed, cross section. Arrow indicates radially·elongated cells that 
undergo anticlinal divisions to keep pace with seed expansion x200. 15. Young 5mm seed, longisection of chalazal region showing meris-
temaUc zone (mz) along rim of embryo sac. Arrow indicates air-canal in primary vascu lar bundle, x20D. 16. Young 5mm seed, longisection 
through central region 01 inlegumenl, x200 
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consequently become stretched in a tangential direction. 
These cell layers will eventually become obliterated between 
the two meristematic zones of the inner and outer layers of 
the integument. The cycle repeats itself when periclinal divi· 
sions produce new cell layers. From this stage the middle 
layers of the integument are composed of two types of deriv-
atives namely those from the inner integumentary layers, 
and those from the subepidermal layers. 
At the micropylar and central region of the embryo sac, the 
radial divisions in the 2~3 sub-epidermal layers are more 
prominent than at the chalazal end. Towards the chalaza 
these layers show signs of degeneration as they appear 
vacuolated and occluded with tanniniferous substances 
(Figu re 15). 
Young seed 6mm long 
The ground tissue of the aril consists of densely packed 
parenchyma cells devoid of intercellular spaces and with 
prominent nuclei (Figure 17). The 1-2 sub-epidermal 
parenchyma layers of the aril are radially elongated (Figure 
17). Most parenchyma cells contain small amounts of tan-
niniferous substances. The epidermal layer consists of 
small , thin-walled cells that are sl ightly elongated in a radial 
direct ion. They have prominent nuclei and divide anticlinally. 
At this stage of seed development the vascular supply con-
sists of a single bundle and the air canal continues to 
enlarge. The phloem supply is extensive while the xylem still 
appears relatively minute (Figure 17) . The oldest phloem 
elements situated on the periphery of the vascular bundle 
collapse so that their remnants are seen as dark-staining 
substances between the parenchyma cells (Figure 17). To 
compensate for this continuous degeneration of vascular tis-
sue, meristematic cell activity is induced along the inner cir-
cumference of the vascular bundle, close to the degenerat-
ing xylem elements (Figure 17). The meristematic zone is 
initially more or Jess horseshoe shaped and the meristemat-
ic cells give rise to procambiaJ strands that develop into sec-
ondary vascular bundles (Figure 17). These bundles also 
consist of minute traces of xylem and large phloem strands. 
The stress forces that are exerted on the vascular bundle as 
the aril expands laterally eventually results in the displace-
ment of the meristematic zone towards the embryo sac so 
that it attains a V-shaped arrangement. The secretory cavi-
ties of the resin glands develop sub-epidermally and they 
are a significant component of both the aril and seed coat. 
The endothelium shows increased mitotic activity. A thin 
but conspicuous layer consisting of dark·staining granular 
materi al can be seen in the embryo sac adjacent to the 
endothelium (Figure 18). While the radial walls are so thin 
that they are hardly discernible, the inner and outer tangen-
tial walls are thickened and dark staining. The inner tangen-
tial walls that face the embryo sac are uncutinised and form 
flanges that extend into the radial walls (Figure 18). The 
outer tangential walls that face the middle layers are 
cutinised. 
The cells of the inner integumentary layer are radially 
elongated at the micropylar end and divisions cease in th is 
area. The inner integumentary cells at the chalazal and cen-
tral regions continue dividing by anticlinal walls (Figure 18). 
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The remaining cells of the middle layer have convoluted 
walls and show signs of degeneration (Figure 18). The cells 
of the epidermal layer also continue to show high mitotic 
actiVity as they divide anticlinally. The cells of the sub-epi-
dermal layer are small and radially elongated. They are 
passing through a cycle where they divide mostly anticlinal-
Iy and only occasionally perici inally. 
Young seed 9-10mm long 
Localised, oblique cell division occurs in the endothelial 
layer, especially at the chalaza I end. This contributes to 
rumination of the cotyledons as the outline of the endothelial 
layer becomes more uneven or wavy (Figure 19). While a 
hIgh rate of cell division is maintained at the chalazal side, 
the anticlinal divisions in the endothelium decline at the 
micropylar end. The endothelial cells in this region appear 
rectangular in longitudinal sections of the ovule. 
The central region of the integument stil l shows pro-
nounced mitotic activity as epidermal and sub-epidermal lay-
ers continue to divide anticlinally (Figure 20). The cells of the 
inner integumentary layer are radially elongated and they 
also divide anticiinally. The latter cells develop walls that are 
somewhat thicker than those of the remaining integumentary 
cells (Figure 20). The middle cell layers are going through a 
cycle of enlargement and they appear more or less isodia-
metric. The epidermal cells are still thin-walled and they 
divide anticiinally (Figure 20). The endosperm is consumed 
as the cotyledons continue to enlarge. Granular material 
representing nutritional substances accumulate next to the 
developing cotyledons. 
The funiculus appears more or less concentric in cross 
sections (Figure 21). The vascular bundle is amphivasal 
(Figure 21). The latter in turn, surrounds a centrally situated 
cylinder of parenchyma. The cortex that encloses the vas-
cular bundle also consists of thin-walled parenchyma cells. 
The vascular bundle is richly supplied with phloem. The 
intercalary extension of the funicu lus causes, to a simiJar 
degree as in the aril , the degeneration of protoxylem ele-
ments and results in the formation of canals in these areas. 
The funiculus is partially persistent and abscises above the 
hilum where the fun iculus enters the placenta so that a stub 
remains on mature seeds. Abscission only occurs once the 
fruit has opened. 
Seed 15mm long 
The endothelial cells that face the central and micropylar 
regions of the embryo sac show signs of degeneration 
(Figure 22). The inner cell layer of the integument and the 
sub-epidermal layer still divide anticlinally but there is a ces-
sation of periclinal divisions. In certain areas of the integu-
ment, the demarcation between the cells that originated by 
periclinal divisions from the inner layers of the integument 
and those that originated from the sub-epidermal layers are 
clearly visible. The former consists of tangentially elongated, 
flattened cells while the latter cells are large , round and high-
ly vacuolated. 
In the micropylar area, the differentiation of the inner 
integumentary layer into a palisade layer precedes that at 
222 
1 
the chalazal region where mi toti c activity in anticlinal and 
periclinal planes are still discernable. The micropylar pal-
isade cells of the inner layer of the integument have thicker 
walls (Figure 22) than those at the chalaza I and central 
regions and their anticlinal walls become wavy as they 
develop arm-l ike or lobe-like extensions. 
Seed 20mm long 
The secretory cavities of resin glands constitute a large pro-
portion of the seed coat (Figure 23). While the outer epider-
mal cells 01 the integument still divide by anticlinal walls in 
the chalazal region. those in the central region of the integu-
ment have become tangentially stretched due to a cessation 
of anticlinal divisions. At the micropylar end. the arm-like 
extensions of the inner integumentary layer and the sub-epi-
dermal layer become more prominent as the intercellular 
Figu res 17- 20: lIg t11 nllcrogrC'l.pl1s of 6-15rnm 
seeds III long lsecllon. 17. YO LJt1 g Bmm seed. 
vascu lar bundle In ar rl . x200 18. Ovu le 6mm. 
centra l I"eglon of Integument x.tQQ, 19. Ovule 
9mlll localised oblique divISions In endothehum 
(arrow). x200 20. Ovule 10mm. central reg ion 
of Ultegumenllend endotllellunl\ x-lQO 
spaces between them enlarge (Figure 28) . Both layers 
become reminiscent of aerenchymatous palisade parenchy-
ma. Although the Inner integumenlary cells develop thicker 
walls . they are unlignifled. The endothelial cells have 
become stretched and obliterated beyond recognit ion. 
Provascular strands giving rise to secondary vascular 
bundles continue to develop. even al Ihis late developmen-
tal stage. The walls of the degenerating parenchymatous aTi I 
cells become convoluted but cytoplasmic contents are still 
visible. Starch grains are very conspicuous at the chalazal 
end but absent from the micropylar end. Tannini ferous com-
pounds are deposited in some cells. 
Seed 23mm long 
At the chalaza the radial walls of the inner integumentary 
and sub-epidermal palisade cells develop uneven outlines. 
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This marks the beginning of the development of the arm-like 
or lobelike extensions already present in the micropylar pal-
isade layers (Figure 24). The chalazal palisade cel ls have 
granular cytoplasm with small vacuoles and large nuclei. 
They are radially more elongated towards the micropylar 
side (Figure 24) and contain amyloplasts as well as small 
amounts of tanniniferous substances. The two cell layers 
subtending the sub-epidermal layer are tangentially elongat-
ed and appears brick- like. Their cytoplasmic contents are 
similar to that of the sub-epidermal layer and since the two 
layers lie in radial rows, it indicates their common origin. 
The middle layer cells that originated from the inner cell 
layers of the integument are tangentially elongated as they 
continue to be stretched to compensate for the increasing 
seed size (Figure 24). Their cell walls are wavy and there 
are no intercellular spaces between them but granular cyto-
plasm and nuclei are still discernible in some cells. Some 
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Figures 21-24: Seeds 1S-23mm. 21 . Cross 
sechon of funiculus, >200. 22. Seed 1Smm. 
central region 01 integument and endosperm, 
x400. 23. Seed 20mm, central region of integu-
ment, x200. 24. Seed coat and cotyledons at 
chalazal region, x200 
cells contain lanniniferous substances that do nol fill the cell 
lumen entirely. 
At the chalazal side the thin-walled epidermal cells are 
radially elongated and they continue to divide anticlinally 
(Figure 24). The outer epidermal cell walls are thicker at the 
micropylar end. The epidermal cell walls no longer bulge 
towards the outside but they became straight or concave. 
A small residue of endosperm remains (Figure 24). The 
walls of the epidermal cotyledonary cells are th in. The 
remainder of the cotyledons consists of large, thin-walled 
and high ly vacuolated parenchyma cells (Figure 24). The 
vascular elements are largely procambial at the chalaza I 
extremities of the cotyledons, but towards the micropylar 
side, vascular bundles have already differentiated. 
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Full-grown, non-desicca ted seed 
Starch has disappeared from the mature seed coat and aril 
cells. The parenchymatous aril cells are filled with mucilagi-
nous and tanniniferous substances that occur mostly along 
the periphery of the cells (Figure 25). Some of the parenchy-
matous ground tissue cell walls are degraded, resulting in 
Ihe merging of Iheir cell contents. In this way, large cells 
reminiscent of sacs or cavities with convoluted walls devel-
op. The mucilaginous substances in these cavities cause the 
entire aril to be highly hydrophilic. When stained with alcian 
blue , the mucilaginous substances showed a positive reac-
tion. 
The demarcation between the vascular bundle that originat-
ed from the funiculus and secondary vascular bundles 
formed later during the course of seed development is clear-
ly visible (Figure 26). The former is recognised by a large 
cavity near the xylem elements. The continual lateral exten-
sion of the aril and the enlargement of the seed caused the 
cambial cells of the primary vascular bundle to become dis· 
placed to the sides of the cavity (Figure 26). In these posi-
tions the cambial derivatives give rise to secondary vascular 
bundles of which the orientation is perpendicular to that of 
the primary vascular bundle (Figure 26). Remnants of ves-
sel elements are readily distinguished in the cavity. Many 
vascular bundles may be present in mature seeds so that 
the vascular supply may be intricate and extensive. 
The mature seed coat consists of a double layer of 
aerenchymatous palisade cells on either sides of the thin· 
walled , tangentially stretched middle layers (Figure 27). The 
middle layer cells are filled with granular and tanniniferous 
substances and their walls are wavy and sometimes convo-
luted (Figure 27). The palisade, aerenchyma-like cells of Ihe 
inner layer of the integument are somewhat thickened but 
unlignified (Figure 27). The epidermal layers comprise small 
cells Ihat are slightly elongated in a radial direction . 
Cytoplasmic contents are still discernable. The inner and 
outer periclinal walls of the epidermal cells are considerably 
thicker than the anticlinal walls (Figure 27) . 
Before the final stages of maturation and desiccation, the 
cotyledons of full-grown seeds are large and chlorophyllous 
while the seed coat appears almost transparent. In fully 
mature desiccated seeds, the cotyledons turn white and the 
seed coat light- to dark brown. Dark-staining globular bodies 
fill the cotyledonary cells (Figure 28) while dark-staining 
substances occlude the micropyle. The hilar region consists 
of thin-walled, aerenchymalike cells. In fully mature seeds, 
2-3 layers of thick-walled endosperm remain (Figu re 28). 
The inner palisade layer collapses in some regions of the 
seed coat (Figure 28). 
Mature, desiccated seed 
The aril undergoes a substantial decrease in volume during 
desiccation of the seed. The concave outer periclinal walls 
of the epidermis collapse during desiccation, sometimes to 
the extent that the cell lumen is obscured. The seed coat of 
mature, desiccated seed is so delicate that when it is 
immersed in an aqueous fixation solution , complete disrup-
tion of cellular structure is evidenl (Figure 29). The ouler epi-
dermal layer is completely collapsed, while the connect ions 
Jordaan, Wessels and Kruger 
between the sub-epidermal palisade are seve red. 
Mucilaginous substances are clearly visible in the remnants 
of the middle layers. The inner palisade layer of the integu-
ment expands and is less disrupted due to its Ihicker cell 
walls (Figure 29). 
In mature seed, the vascular supply consists of vascular 
strands that form an anastomosing network. The arrange-
ment of the vascular bundles that supply the raphal region 
and those that supply Ihe post-chalazal integumentary bun-
dles appear to be the same. 
Discussion 
The rate of cell division and differentiation does not show a 
uniform pattern in all regions of the seed. During the matu-
ration of the seed coat there is variation in cell structure, cell 
contents and meristematic activity in the various regions. 
Mitotic activity in the inside layers of the integuments is more 
pronounced at Ihe chalazal side than at the micropylar end. 
However, mitotic activity in the sub·epidermal layers that is 
initiated during the Smm stage of the ovule is more pro-
nounced at the micropylar end. 
During seed ontogeny the integument of C. mopane 
undergoes extensive cell divisions in both peniclinal and 
anticlinal planes, thereby resembling overgrown seeds. 
However, unlike overgrown seeds, extensive multiplication 
of cell layers is not a feature of the integuments or mature 
seed coat of C. mopane as the number of cell layers remains 
more or less constant and the mature seed coat is thin. Only 
certain regions of C. mopane seed remain embryonic, in 
contrast to the integuments of overgrown seeds that usually 
remain enlirely embryonic. Corner (1976) considered integu-
ments that predominantly undergo pericl inal divisions as 
multiplicative. These divisions mostly occur in the middle 
layers of the integument (Bouman 1984). In C. mopane high 
mitotic activity occurs mostly in the peripheral layers of the 
integuments and includes both peniclinal and anticlinal divi-
sions. Unlike overgrown seed, there is a continuous and 
ordered degradalion and reabsorplion of older cell layers 
before new layers replace them. Therefore, cell degenera-
tion is a normal process of the differentiation and growth of 
the seed coat of C. mopane. 
Seeds of C. mopane, nevertheless, show some similari-
ties to overgrown or neotenous seeds. As with typical legu-
minous overgrown seeds they lack the highly differentiated 
exolesla of the lamily while the remainder of the seed coat 
displays little differentiation in that the outer integument typ-
ically consists of thin-walled cells that contain tanniniferous 
substances (Corner 1976). In overgrown seeds continuous 
growth is often inhibited only by the fru it locule. To an extent 
this is also true of C. mopane seeds as they correspond 
entirely 10 the shape of Ihe fru it locule. Even when fruit form 
is altered due to predation, the form of the mature seed cor-
responds exactly to the outline of the locule. From an eco-
logical perspective the 'overgrown' tendency of C. mopane 
seed is advantageous because it allows the development of 
viable seed inside the locule of predated fruit that may oth-
erwise have been aborted. 
The seed coals of legumes are typically highly differenti-
ated and impermeable to water to provide protection for 
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Figures 25-29: Mature seed. 25. Parenchymatous ani cells in 
mature seed, x1 000. 26. Vascu lar supply, x100. 27. Full grown 
seed coat facing central region of embryo sac, x400. 28. Fully 
mature seed coa t with remains of endosperm (en) and cotyledons 
filled with globular bodies, x400. 29. Fully mature, desiccated seed, 
disruption of seed coat structure when seed is immersed in aque-
ous fixative , x40 
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seeds that remain viable for prolonged periods of time. Of 
the three sub-families, the Ihickness of the epidermal pal-
isade layer of representatives of the Caesalpinioideae sur-
passes that of representatives of the other two subfamilies. 
However, seeds of C. mopane are only scantily protected by 
the thin seed coat and lack the malpighian cells that form a 
mechanical layer of protection. This may be attributed to the 
seed being enclosed in an indehiscent fru it where the peri-
carp forms the protective layer. In extreme cases the dias-
pores of many legumes have adapted to such dispersal 
strategies that the seed and fruit can no longer be distin-
guished from one another (Van Staden ef al. 1989). In the 
instance of C. mopane, the thin seed coat may also be an 
adaptation to low rainfall as it allows for the rapid uptake of 
water where rainfall occurs in small quantities or is of short 
duration. This may be especially significant in sandy regions 
where water tends to drain away rapidly. 
It is interesting to mention that the mature seed coat of C. 
mopane shows similarities with the seed coal of Krameria in 
that both species have sub-aerenchymatous mesophyll lay-
ers, although this layer is compressed in Krameria. It was 
initially thought that the latter genus is re lated to the 
Leguminosae but the assumption has si nce been proven 
wrong (Verkerke 1985). Krameria seed also displays certain 
other characteristics that are similar to overgrown legumi-
nous seeds such as folded cotyledons. However, Verkerke 
(1985) stated that the similarities are a result of convergent 
evolution. 
During imbibition of C. mopane seeds, the aerenchyma-
tous palisade layer of the inner integumentary layer does 
not, like the remaining outer layers collapse or become dis-
rupted. This is apparently due to the cells being reinforced 
by walls that are thicker than those of the remain ing cell lay-
ers of the seed coat. This may have important implications 
for germination as it allows for the aeration of the embryo. 
Otherwise the mucilage that is liberated from the seed coat 
cells during imbibition may limit the oxygen supply to the 
embryo. 
Leonard (1948) described the cotyledons of C. mopane as 
typically and strongly ruminate. The term 'labyrinth seed' is 
often used where rumination is extreme and caused by 
extensive folding of the cotyledons, that is visible when the 
seed is cut in any plane (Van Heel 1970, 1971). According to 
th is terminology the same term may be used for C. mopane 
seeds. However, Boesewinkel and Bouman (1984) refer to 
labyrinth seeds only where the cotyledons are the cause of 
the condition. As the endothelium is the cause of rumination 
in C. mopane seeds, the term 'ruminate' is preferred. 
Because irregular divisions of the endothelium during early 
stages of embryogenesis cause rumination, it proves that it 
is not entirely connected to spatial restriction imposed by the 
fruit locule. The endosperm and eventually the cotyledons 
simply follow the outlines of the uneven endothelium during 
the course of their development. 
Theoretically, the ovule of C. mopane is campylotropous 
because a slight bending of the embryo sac at the micropy-
le can be observed at the time of fertilisation. Campylotropy 
has the adaptive significance of enabling the seed to contain 
an embryo that is about twice as long as the seed itself, with-
out enlarging the seed (Bouman and Boesewinkel 1991). 
Jordaan. Wessels and Kruger 
Campylotropy was mentioned by Bouman and Boesewinkel 
(1991) to occur in the Caesalpinoideae. However, during 
early developmental stages the embryo sac of C. mopane is 
curved at the micropylar tip only and the ovule is, therefore, 
weakly campylotropous. After fertil isation, this bending is 
corrected by extensive growth of the anti raphe. The mature 
seed displays almost no campylotropy as the chalaza is sit-
uated more or less opposite the micropylar region, that is 
typical of the anatropous condition . Bocquet (1959) classi-
fied young ovules that display a slight degree of bending as 
anacampylotropous because they display characters that 
are intermediate between the anatropous and campy-
lotropous condition. Therefore, from a functional viewpoint 
C. mopane seeds are not campylotropous. Apparently C. 
mopane seeds have resorted to a different method of enlarg-
ing their embryo size and that is by cotyledonary fold ing or 
rumination. The one advantage of large seed size is that it 
may promote germination and seedling establishment 
(Capinera 1979). The photosynthetic area of the cotyledons 
significantly influences the growth of seedlings (Harper ef al 
1970). Mushove (1993) found that large C. mopane seeds 
were superior in terms of seedling growth compared to those 
that originated from small seeds . Such seedlings maintained 
this superiority throughout their development. Large, rumi-
nate cotyledons not only provide an expanded photosyn-
thetic area, but also contribute reserves towards the growth 
of the taproot. During the initial stages of the establishment 
of C. mopane seedlings, the cotyledonary reserves are 
mostly invested in the development of the taproot. The tap-
root has already reached a considerable length befo re the 
plumule emerges. It has been suggested by Boesewinkel 
and Bouman (1984) that rumination may also assist the 
embryo in the uptake of nutrients from the enlarged seed 
coat. 
Cotyledonary folding can, similar to campylotropy, be seen 
as a reduction of the surface area of the seed without reduc-
ing the size of the embryo. A reduced seed surface normal-
ly accompanies adaptation to xeric conditions (Von 
Teichman and Van Wyk 1991). Campy lot ropy and cotyle-
donary folding are often associated (Bouman and 
Boesewinkel 1991). However, in spite of the adaptive signif-
icance of cotyledonary folding the seeds of C. mopane 
remain large for a xerophytic species. Large seeds are more 
vulnerable to desiccation and may be disadvantaged in 
open areas (Van Staden ef al. 1989). It is possible that the 
large seed size of C. mopane may be explained by the ori-
gin of the genus Colophospermum. Fanshawe (1969) states 
that CoJophospermum originated from the common ances-
tors of Guibourtia and Copaifera. These are two genera that 
occur in the high rainfall zones of evergreen forests and 
have large seeds. The accepted norm of evolution from high 
rainfall to semi-desert fo rms is thereby implied. 
Endosperm development in C. mopane appears to be 
helobial as the embryo sac is divided into a micropylar and 
chalazal chamber after the first mitotic division. However, the 
helobial type is commonly found only in the monocotyledons 
(Davis 1966). Swamy and Parameswaran (1963) were of 
the opinion that the occurrence of helobial endosperm in 
dicotyledons is aberrant and the result of a modification of 
the cellu lar or nuclear type. Typical helobial endosperm has, 
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however, been observed in dicotyledonous families such as 
the Santalaceae and Saxifragaceae (Johri et a/. 1992). 
However, unlike the typical he labial endosperm described by 
John et al. (1992) , in the instance of C. mapane the chalazal 
chamber becomes cellular before the micropylar one . 
Seeds of the Leguminosae may be albuminous or exalbu-
minous. In albuminous seeds the endosperm becomes 
gelatinous, swells and causes the seed coat to rupture. 
Prosopis velutina Woot. contains a considerable amount of 
endosperm and th ere is a strong expansion of the 
endosperm when the seed is placed In water (Irving 1984) . 
The thick-walled endosperm remnants of C. mapane may 
have the same swelling capacity. Most legumes have 
endosperm , varying from trace amou nts to large amounts 
encasing the embryo. The absence of endosperm is indica-
tive of phylogenetically advanced seeds (Gunn 1981) 
Overgrown legume seeds also lack endosperm (Corner 
1976), confirming that C. mapane seeds are not truly over-
grown. 
Jordaan and Wessels (1999) investigated the possible 
function of the aril of C. mapane. This appendage signifi-
cantly swells in water and it has been implicated to playa 
role during seed imbibi tion and fruit opening. Various other 
ecological functions have been attributed to arils and other 
seed appendages. The terminology used to describe these 
appendages is often confusing and they have, amongst oth-
ers, been termed strophioles (Fahn and Werker 1972), elaio-
somes (Werker 1997), arillodes (Corner 1951) and carun-
cles (Kapil and Vasil 1963). Werker (1997) described any 
outgrowth of the integuments as an aril while Endress 
(1973) defined an aril as any persistent tissue that develops 
from the seed surface, irrespective of its exact position on 
the seed. The circumferential outgrowth of the outer integu-
ment of C. mopane fits the terminology of Endress (1973) 
and Werker (1997). The aril of C. mopane does not seem to 
be connected in any way to zoochory. It does, however, bear 
a resemblance to the caruncle described by Kapil and Vasil 
(1963). This structure is formed by enlargement and prolif-
eration of the apex of the outer inlegument and like the aril 
of C. mopane. it swells significantly in the presence of water. 
Vestigial arils are associated with indehiscent fruit and 
there is also clear evidence for the degeneration of the aril 
in Leguminosae (Corner 1976). In many Annonaceous gen-
era, the fru it is indehiscent and the arils rudimentary 
(Endress 1973). As the aril of C. mopane appears to be 
inSignificant in the dry state of the seed, it suggests that it 
may be vestigial in th is species too. 
In C. mopane the entire vascular supply to the seed is lim-
ited to the ari! . Vascular arits also occur in Alectryon, Durio 
and Myrisfica (Corner 1976) . Although the vasculature of C. 
mopane is limited to the aril it is as complex as those of 
neotenous or overgrown seeds (Van Staden et al. 1989). 
Normally, the vascular strand of the funiculus that enters the 
ovule typically only extends to the chalaza. However, integu-
mentary vascular bundles typically extend beyond the cha-
laza, even as far as the micropyle. As the post-chalazal 
region of the aril is an outgrowth of the integument, the vas-
cular bundles of the ari l that extend past the chalaza can be 
regarded as integumentary in C. mopane. Integumentary 
vascular bundles also feature in Cassia (CaesaJpinioideae) 
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(Anataswamy Rau 1950) and are not uncommon in other 
legumes either (Sterling 1954). Similar to C. mopane, the 
young seeds of Cassia undergo a tremendous size increase 
during seed growth and the development of integumentary 
bundles is ascribed to an increased demand for water and 
photosynthates. Integumentary bundles probably have the 
same function in the large seeds of C. mopane. Lunaria, a 
member of the Brassicaceae is another example of the func-
tional significance of integumentary bundles in large seeds. 
Extensive integumentary vascular bundles are uncommon in 
the Brassicaceae because they have small seeds . However, 
Lunaria is the only member of the family with rela tively large 
seeds that is supplied by integumentary vasculature 
(Bouman 1975). Integumentary bundles occur in specialised 
angiosperms as well as in those that are less specialised 
and , therefore, no conclusion can be made with regard to 
their phylogenetic Significance (Esau 1977). 
The development of an air canal in the primary vascular 
bundle of the aril is reminiscent of the shoot xylem of mono-
cotyledons where protoxylem lacunae, su rrounded by 
parenchyma cells develop in the position of the collapsed 
protoxylem elements. This is contrary to the normal condi-
tion found in most dicotyledons where the protoxylem ele-
ments are crushed by the surrounding tissue when they are 
destroyed due to extension of an organ (Esau 1977). 
A feature of arillate seeds mentioned by Corner (1949) is 
that they do not have desiccation tolerance. Future sludies 
ought to be conducted to determine whether C. mopane 
seeds are recalcitrant. Although it is often difficult to deter-
mine if seeds are truly recalcitrant, C. mopane seeds do 
meet two criteria for recalcitrance in that they are large and 
germinate rapidly. Seeds of C. mopane also show similari-
ties to the leguminous neotenous seeds of Alexa, Oussia 
and Castanospermum in that they are large, have undiffer-
entiated seed coats and germinate rapidly (Van Staden ef al. 
1989). It is not known whether seeds of the latter species are 
recalcitrant either. 
Seeds of C. mopane lack the hilar mechanism found in 
papilionoid legumes as well as the pleurogram found in most 
caesalpinoid and mimosoid legumes, Therefore, water has 
to be lost through the seed coat or by a metabolically active 
backflow of water through the funiculus to tissues of the 
mother plant (Meredith and Jenkins 1975) during the final 
dehydrating stages of seed development. The fact that 
seeds of C. mopane lack stomata and are included in a 
fleshy fruit before desiccation indicates that the route of 
water loss is through reverse flow through the xylem of the 
funiculus. The micropyle is not a route for water loss either 
because it is occluded in mature seed. 
Not only may the complex vasculature of C. mopane 
seeds be involved in the import of photosynthates or water 
uptake during imbibition (Jordaan and Wessels 1999) but it 
may also contribute towards seed dehydration when water is 
transported back to the maternal tissues via the vascular tis-
sue. In many legume seeds the funiculus abscises from the 
seed so that the hilum is exposed. The funicu lus of C. 
mopane is persistent and when abscission eventually takes 
place it does so above the hilum so that a stub, termed a epi-
hilum (Gunn 1981), remains on the seed. Although this is 
apparently not uncommon in the Caesalpinioideae the func-
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tional value of a persistent funiculus may be connected to 
the final stages of seed dehydration. 
The yellow, lipophyllic layer seen on the suriace of mature 
seeds probably represents terpenoid substances. These 
substances have a tendency to crystallize in compound 
threads or in threads with complex microcrystal line surfaces 
(Barthlotl 1981). Epicuticular secretions like waxes and 
other related solid lipophilic substances are uncommon on 
seed surfaces (Barthlott and Wollenweber 1981, 
Boesewinkel and Bouman 1984). Wax deposits are not 
known in the Leguminosae and its presence in some lines of 
Glycine max were described as derived from the endocarp 
(Barthlott 1981). Leonard (1948) refers to the large glands 
found on seeds of C. mopane as resin vesicles that proba-
bly secrete the terpenoid compounds. The name 
Colophospermum means 'resinous seed' and refers to the 
conspicuous resin glands that cover the seed (Ross 1977). 
This is in accordance with Fanshawe (1962) who stated that 
20% of the seed is made up of 'heavy balsam' and probably 
refers to the resin secreted by the glands. The function of the 
seed resin is unknown but these substances may have an 
antimicrobial function or act as a deterrent against predators 
such as bruchids. 
The cotyledons of many seeds are, like those of C. 
mopane, chlorophyllous during certain stages of their devel-
opment. It is , however, nat certain whether they phatasyn~ 
thesise as many of these seeds do not have stomata in their 
seed coats (Werker 1997). As a rule, stomata rarely occur in 
seeds of Leguminosae (Corner 1976). According to Werker 
(1997) photosynthesis by a chlorophyllous embryo is possi-
ble if both the pericarp and seed coat is thin and somewhat 
transparent to enable it to transmit light. The peri carps of C. 
mopane fruits are indeed able to transmit high levels of inci-
dent light (Wessels and Jordaan, unpublished results) . The 
starch grains observed in the aril and chalazal part of the 
seed coal of the 20mm seed also indicates that pholosyn-
thates were produced in these areas. However, starch was 
not observed in the mature ari l. Sterling (1954) also found 
that starch disappeared from the outer integument of 
Phaseo/us just before the seed reached maturity. This was 
ascribed to the starch being utilized for the development of 
wall thickenings in the palisade cells of the integument. As 
the palisade layers of C. mopane do not develop extensive 
wall thickenings , the starch reserves may instead be utilised 
for the production of mucilage that fills the ari l cells. It is 
known that seed reserves such as starch or sugars thaI 
accumulate during the cell expansion stage in the seed coat 
affect the water potential and thus the water-absorbing and 
water-holding capacity of the seed (Chen et at. 1998). The 
mucilaginous substances in the seed coat of C. mopane 
may explain the ability of seeds to germinate at low water 
potentials (Choinsky and Tuohy 1991). Starch and lipids are 
common in seed appendages that function as elaiosomes 
and have the function of attracting animals (Grear and 
Dengler 1976). The absence of both these substances may 
confirm that the aril of C. mopane is either rudimentary or 
has a function different from attracting animals. 
The function of the large amounts of polyphenols found in 
the seed coat of C. mopane are unknown. Not only are they 
Jordaan, Wessels and Kruger 
abundant in the seed coat of mature seeds, but they are also 
found in the integuments during early stages of seed devel-
opment and before ferti lisation. It has been suggested that 
polyphenols may inhibit germination by reducing the avail-
ability of oxygen to the embryo (Stabell et at. 1998). Embryo 
dormancy may be a strategy aimed at delaying germinalion 
until conditions are favorable, especially in species like C. 
mopane that have water permeable seed coats (Van Staden 
et at. 1989). However, embryo dormancy does not seem to 
play a role in C. mopane as the seeds germinate readily 
after they have attained maturity. Tanniniferous substances 
in the seed coat may prevent water uptake, which may 
induce microbial action (Halloin 1982). However, water 
uptake in C. mopane seed was seen to be very rapid 
(Jordaan and Wessels 1999). 
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